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SPINAL STABILIZATION DEVICES AND
METHODS OF USE

BACKGROUND

The present application 1s directed to spinal stabilization
devices and methods and, more specifically, to devices and
methods that provide for asymmetrical vertebral motion in
first and second directions.

The spine 1s divided 1nto four regions comprising the cer-
vical, thoracic, lumbar, and sacrococcygeal regions. The cer-
vical region includes the top seven vertebral members 1den-
tified as C1-C7. The thoracic region includes the next twelve
vertebral members 1dentified as T1-T12. The lumbar region
includes five vertebral members L1-L3. The sacrococcygeal
region 1ncludes nine fused vertebral members that form the
sacrum and the coccyx.

The vertebral members provide for movement 1n various
directions. The movement may include flexion, extension,
lateral bending, axial rotation, or a coupled combination of
these movements. In a normal spine, more motion occurs in a
first direction than 1n a second direction. By way of example,
the vertebral members may provide for greater flexion than
extension.

Various conditions may lead to damage of the vertebral
members and/or intervertebral discs. The damage may result
from a variety of causes including a specific event such as
trauma, a degenerative condition, a tumor, or infection. Dam-
age to the intervertebral discs and vertebral members can lead
to pain, neurological deficit, and/or loss of motion. Vertebral
rods may be implanted to redistribute stresses and/or restore
proper alignment of the vertebral members. The rods extend
along a section of the spine and may include a curved con-

figuration to conform to the curvature of the spine. The rods
may provide for motion of the vertebral members.

SUMMARY

The present application 1s directed to methods and devices
that provide for asymmetrical motion of the vertebral mem-
bers. In one embodiment, first and second anchors connect
the rod to the vertebral members. The rod may be fixedly
connected to the first anchor, and movably connected to the
second anchor. A limiting device may be positioned on one or
both sides of the second anchor. The limiting device controls
an extent of movement between the rod and the second anchor
during vertebral motion 1n first and second directions. In one
embodiment, the device controls an amount of flexion and
extension of the vertebral members.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A-1C are side views 1llustrating a device according,
to one embodiment.

FIG. 2 1s a side view 1llustrating a sleeve according to one
embodiment.

FIG. 3 1s a cross section view along line 3-3 of FIG. 2
illustrating the sleeve according to one embodiment.

FI1G. 4 15 a side view 1llustrating elastic members attached
to an anchor according to one embodiment.

FIG. 5 1s an exploded side view 1llustrating a rod and a pair
of attachment arms according to different embodiments.

FIG. 6 15 a side view 1llustrating a ring attached to a rod
according to one embodiment.

FIGS. 7A-C are side views 1llustrating a device according,
to one embodiment.
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FIG. 8 1s a side view 1illustrating a device according to one
embodiment.

FIG. 9 15 a side view 1illustrating a device according to one
embodiment.

FIG. 10 1s a side view 1llustrating a device according to one
embodiment.

FIG. 11 1s a side view 1llustrating a bi-conical section of a
rod according to one embodiment.

FIG. 12 1s a perspective view illustrating an anchor accord-
ing to one embodiment.

FIGS. 13A-C are side views 1llustrating a device according
to one embodiment.

FIGS. 14A-14B are cross section views of the rod posi-
tioned within an anchor according to one embodiment.

DETAILED DESCRIPTION

The present application discloses devices and methods for
supporting vertebral members. The support provides for
asymmetrical movement of the vertebral members with a first
amount of movement 1n a first direction, and a second lesser
amount of movement 1n a second direction.

FIG. 1A 1llustrates one embodiment of a device for asym-
metrical movement. The device includes a plurality of
anchors 90 attached to vertebral members 200. A rod 100 1s
mated to the anchors 90 to support the vertebral members
200. In one embodiment, the rod 100 1s constructed of a
flexible material that bends during movement of the vertebral
members 200. Rod 100 1s fixedly positioned within the inife-
rior anchor 90, and slidably engaged within the superior
anchor 90 to slide relative to that anchor 90 during vertebral
movement. Elastic members 20 connected to the rod 100
control the amount of sliding and therefore the amount of
vertebral movement in the various directions.

Rod 100 may include an elongated shape and extend along,
a length of the vertebral members 200. In the embodiment of
FIG. 1A, rod 100 extends along two adjacent vertebral mem-
bers 200. Rod 100 may also include a longer length to extend
along more than two vertebral members 200. In one embodi-
ment, rod 100 may bend during movement of the vertebral
members 200. The entire rod 100 may be constructed of a
material that provides for bending, or one or more discreet
sections of the rod 100 are constructed to be bendable either
by their material construction or inclusion of a mechanical
clement. Rod 100 may further include a variety of different
cross-sectional shapes and sizes, such as a circular cross-
sectional shape. Rod 100 may include a substantially constant
or variable diameterY.

Anchors 90 attach the rod 100 to the vertebral members
200. In the embodiment of FIG. 1, each anchor 90 includes a
shaft 91 with a saddle 92 positioned at one end. The shait 91
may be threaded for insertion into and attachment with the
vertebral member 200. Saddle 92 may include a pair of arms
that are spaced apart a distance to recerve the rod 100. In one
embodiment, the arms form a substantially U-shaped space to
position the rod 100. The saddle 92 may be rigidly connected
to the shaft 91, or may be pivotally connected to the shatt 91.
A Tastener 93 attaches to the saddle 92 to maintain the rod 100
between the arms. In one embodiment, the fastener 93
includes threads that engage with threads on an upper edge of
the saddle 92.

In one embodiment, the rod 100 1s positioned along a
posterior section ol the vertebral members 200. In one
embodiment of posterior positioning, rod 100 supports move-
ment of the vertebral members 200 during flexion and exten-
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s1on. Rod 100 may also be positioned at other locations along
the vertebral members 200 such as along a lateral or anterior
section.

A sleeve 30 may be positioned within the saddle 92 and
contain the rod 100. In the embodiment of FIG. 1A, sleeve 30
fits between the arms of the saddle 92. FIGS. 2 and 3 1llus-

trated one embodiment of the sleeve 30. Sleeve 30 includes a
cylindrical shape including an opening 33 with an 1nner diam-
cter that 1s greater than the outer diameter Y of the rod 100.
This provides for relative motion between the rod 100 and
sleeve 30 during movement of the vertebral members 200. In
one embodiment, sleeve 30 includes a length greater than the
saddle 92. Sleeve 30 may include an outer surface 31 that
contacts the saddle 92 and an inner surface 32 that contacts
the rod 100. In other embodiments, sleeve 30 may be con-
structed from a single material. Sleeve 30 may be constructed
of a plurality of materials. Examples of materials for the inner
surface 32 include polyetheretherketone, titanium, poly-
curathane, stainless steel, cobalt chrome, and polyethylene.

One or more elastic members 20 extend between the sleeve
30 and the rod 100. The elastic members 20 apply a force on
the rod 100 during movement of the vertebral members 200 to
control the extent of relative movement between the rod 100
and anchor 90. In one embodiment, the elastic members 20
are constructed of a resilient material that stretches and con-
tracts during vertebral movement. Examples of the materal
may include surgical latex, chloroprene, MIT s “biorubber”™
(glycerol and sebacic acid), silicone, polyethylene, polyester,
polyurethane, urethane, and polypropylene. When more than
one elastic member 20 1s used, the members 20 may have the
same construction, or may include different constructions.
Further, the elastic members 20 may each have the same
material characteristics, such as shape, size, length, and elas-
ticity, or each may include different characteristics. In one
embodiment, the elastic members 20 form continuous bands.

The embodiment illustrated 1n FIG. 1A includes four elas-
tic members 20 that extend between the sleeve 30 and the rod
100. In this embodiment, two members 20 are positioned on
cach of the opposing sides of the rod 100 (1.e., two elastic
members 20 on each of the anterior and posterior sides, or
medial and lateral sides). In other embodiments, different
numbers of members 20 may be connected to the rod 100.
FIG. 4 includes two elastic members 20 attached to the pos-
terior side of the rod 100. In one embodiment, a single elastic
member 20 1s connected with the rod 100.

In one embodiment, elastic members 20 are positioned on
the inferior and superior sides of the anchor 90. FIG. 1A
illustrates one embodiment with elastic members 20 posi-
tioned on both sides. In other embodiments, elastic members
20 may be positioned on one of the inferior and superior sides.

The elastic members 20 may connect with the rod 100,
sleeve 30, and anchor 90 in a variety of manners. In one
embodiment, arms 40 are positioned to receive the members
20. FIG. 1A 1llustrates one embodiment with arms 40 posi-
tioned on the rod 100 and the sleeve 30 to recerve the members
20. Arms 40 may be attached to the elements 1n various
manners 1ncluding adhesives, soldering, brazing, welding,
and fasteners. In one embodiment as illustrated 1n FI1G. 5, rod
100 1ncludes apertures 101 sized to receive the arms 40.
Apertures 101 may extend completely through the rod 100, or
a partial distance. Further, apertures 101 may be positioned at
a variety of angular orientations. In one embodiment, arms 40
are part ol a member 44 that 1s sized to fit within an aperture
101 with the arms 40 extending outward from the rod 100. In
one embodiment, member 44 1s held within the aperture 101
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by adhesive, soldering, brazing, or fastener. Member 44 may
also include threads that engage corresponding threads within
the aperture 101.

Arms 40 may further be part of a member 45 that includes
linkages 43 to maintain attachment with the rod 100. In the
embodiment 1llustrated 1n FIG. 5, member 45 includes link-
ages 43 that are connected by a pivot 49. Rotation of the body
46 causes the linkages 43 to move away from and towards the
body 46 to control an overall width. In a first state, the link-
ages 43 are positioned near the body 46 and the overall width
of the member 45 1s reduced to fit within the aperture 101.
Once 1nserted, the body 46 1s rotated causing the linkages 43
to expand outward and become wedged into the aperture 101
and firmly position the arms 40 to extend outward. Both of
members 44, 45 include two arms 40, although other embodi-
ments may nclude a single arm 40 sized to extend from the
rod 100.

FIG. 6 illustrates another embodiment with the arms 40
attached to aring 41. Ring 41 1s s1zed to extend over and move
along the length of the rod 101. A fastener 42 provides for
securing the ring 41 at the desired axial position on the rod
101.

In another embodiment as 1llustrated in FI1G. 4, the elastic
members 20 connect directly to the saddle 92. The connection
may 1nclude adhesives, mechanical fasteners 42, soldering,
brazing, etc. FIG. 8 1llustrates another embodiment with the
clastic members 20 shaped as bands that extend around the
saddle 92 and arms 40.

In one embodiment, the elastic members 20 provide for
asymmetrical movement of the vertebral members 200. The
members 20 apply a force to therod 100 to control the relative
movement between the anchor 90 and the rod 100. The force
increases relative to the amount of vertebral movement. Elas-
tic members 20 may further include a maximum amount of
stretch that sets the amount of vertebral movement.

FIGS. 1A-C 1illustrates one embodiment that supports the
vertebral members 200 during extension and flexion. In this
embodiment, rod 100 i1s fixedly attached to a first inferior
anchor 90 (1.e., the lower anchor as illustrated 1n the Figures)
and movably attached to the second superior anchor 90. The
fastener 93 within the inferior anchor 90 maintains the rod
100 and prevents movement relative to the lower anchor 90. A
sleeve 30 that fits around the rod 100 1s seated within the
saddle 92 of the superior anchor 90. The sleeve 30 may be
fixedly maintained within the saddle 92 by the fastener 93.
The mner diameter of the sleeve 30 1s greater than the outer
diameter Y of the rod 100 to allow the rod 100 to slide during
movement of the vertebral members 200.

FIG. 1A 1llustrates an embodiment with the vertebral mem-
bers 200 1n a neutral position. This may include when the
patient 1s standing erect or 1n a prone position. Elastic mem-
bers 20 extend between the sleeve 30 and the rod 100. In this
embodiment, the two inferior members 20 are taut with the
superior members 20 stretched and 1n an elongated orienta-
tion. In this neutral position, a distance L, extends between a
superior end of the rod 100 and the middle of the superior
saddle 92.

FIG. 1B 1llustrates the vertebral members 200 1n extension
that causes relative movement between the sleeve 30 and rod
100. In this embodiment, the sleeve 30 moves 1n an inferior
direction relative to the rod 100. As illustrated by comparing
FIG. 1B with FIG. 1A, the length L . between the superior end
of the rod 100 and the middle of the superior saddle 92 is
greater than the distance L, 1n the neutral orientation. This
relative movement stretches the superior elastic members 20.
As the stretching increases, the amount of force applied by the
clastic members 20 increases. The increased force reduces the
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extent of movement of the sleeve 30 and hence the extension
of the vertebral members 200. The sliding movement also
causes the inferior elastic members 20 to become flaccid.

FIG. 1C illustrates the vertebral members 200 1n flexion.
This movement causes relative movement of the sleeve 30 1n
a superior direction. As 1illustrated by comparing FIG. 1C
with FIG. 1A, the distance between the superior end of the rod
100 and the middle of the superior saddle 92 defined as L~ 1s
less than the distance L , in the neutral orientation. The move-
ment stretches the inferior elastic members 20. As the stretch-
ing increases, the amount of force applied by the elastic
members 20 increases. The increased force reduces the extent
of relative movement of the sleeve 30 and hence the tflexion of
the vertebral members 200.

In one embodiment, as the amount of extension and flexion
from the neutral position increases, the elastic members 20
apply an 1ncreasing amount of force to return the rod 100
towards the neutral orientation. Elastic members 20 may
include a maximum stretch length that establishes the maxi-
mum amount of movement of the vertebral members 200.

FIG. 1A 1llustrates the elastic members 20 1n a first state
when the vertebral members 200 are 1n a neutral orientation.
Other embodiments may include the elastic members 20 1n
other states. In one embodiment, each of the elastic members
20 1s substantially flaccid 1n the neutral orientation.

In one embodiment, the rod 100 supports vertebral mem-
bers 1n the cervical region. The range of extension motion 1s
between about 0°-20° and the range of flexion 1s between
about 0°-30°. In one embodiment supporting the lumbar
region, the range of extension motion 1s between about 0°-135°
and the range of flexion 1s between about 0°-25°. Therelore,
the elastic members 20 are positioned and structured to cause
asymmetrical vertebral motion with additional range of
motion 1n flexion than 1n extension. In one embodiment, these
ranges may be changed for the specific patient and context of
use.

FI1G. 7A 1llustrates another embodiment for asymmetrical
vertebral motion. This embodiment features one or more
anchors 90 that attach the rod 100 to the vertebral members
200. A sleeve 30 fits within the superior saddle 92 to allow
relattve movement between the anchor 90 and the rod 100.
Stop members are attached to the rod 100 to control the
maximum extent of relative movement of the sleeve 30. In the
embodiment of FIG. 7A, stop members include a locking
member 70 and flange 102 that are fixedly positioned on the
rod 100. These stop members include enlarged widths that are
greater than the inner diameter of the sleeve 30 thus prevent-
ing the sleeve 30 from moving beyond the member. The stop
members may be integrally formed with the rod 100, or may
be attached to the rod 100 such as by fasteners 71.

Bumpers 60 are positioned along the rod 100 to control the
relative movement of the sleeve 30. In one embodiment,
bumpers 60 are constructed of a deformable material with a
stiffness that cushions the movement of the sleeve 30 as it
approaches and/or contacts the stop members. The bumpers
60 may be positioned along the rod 100 to directly contact the
sleeve 30, or to contact the stop members. The bumpers 60
may be permanently or removably attached to the rod 100. In
one embodiment as illustrated 1n FIG. 7A, the superior
bumper 60 includes a fastener 62 that attaches the bumper 60
to the rod 100. In another embodiment, the bumper 60 1s
integrally connected with the locking member 70, such as by
being over-molded onto the locking member 70. Bumpers 60
may further be attached to the rod 100 and movable along the
length.

Bumpers 60 may include a variety of shapes, sizes, and
constructions. In one embodiment, bumpers 60 include a
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cylindrical shape that extends around the rod 100. In one
embodiment, bumpers 60 are modular and can be removed
from the rod 100 and replaced as necessary. In one embodi-
ment, the modular bumpers 60 may include different lengths
and diameters to control the movement of the vertebral mem-
bers 200. Modular bumpers 60 may further include different
stiffnesses depending upon the application. In embodiments
including multiple bumpers 60, the bumpers may include the
same ol different stifinesses. Bumpers 60 may be constructed
from a variety of materials including polycarbonate urethane,
s1licone, neoprene, latex, polyurethane, butyl, and polyethyl-
ene foam.

In the embodiment of FIG. 7A, a first bumper 60 15 posi-
tioned on an inferior side of the sleeve 30 between flanges
102. In one embodiment, bumper 60 1s positioned around a
narrowed section 103 of the rod 100 that extends between the
flanges 102. A second bumper 60 1s positioned on a superior
side of the sleeve 30.

FIGS. TA-7C illustrates one embodiment of a device to
provide asymmetrical movement to the vertebral members
200. In a neutral position as illustrated 1n FIG. 7A, the verte-
bral members 200 are aligned such as when the patient 1s
standing upright or in a prone position. In this embodiment,
the sleeve 30 1s positioned between and spaced away from the
bumpers 60. A distance L, 1s defined between the center of
the superior saddle 92 and the superior end of the rod 100.

FIG. 7B illustrates one embodiment of the vertebral mem-
bers 200 1n extension. This movement causes the position of
the sleeve 30 to move 1n an inferior direction relative to the
rod 100. The distance L. between the center of the superior
saddle 92 and the superior end of the rod 100 1s enlarged and
greater than the neutral position L. The movement causes
the sleeve 30 to contact the superior flange 102 that limaits the
extent of movement. In one embodiment, the relative move-
ment of the sleeve 30 may cause the inferior bumper 60 to be
compressed. The movement may also cause the rod 100 to
bend causing the inferior bumper 60 to be deformed with the
posterior side being in compression, and may cause the ante-
rior side to be 1n tension.

FIG. 7C illustrates the vertebral members 200 1n flexion.
This movement causes the sleeve 30 to move 1n a superior
direction relative to the rod 100. The amount of movement 1s
limited by the locking member 70. The sleeve 30 may contact
the bumper 60 causing 1t become deformed as 1t 1s com-
pressed between the sleeve 30 and the locking member 70.
The distance L~ between the center of the superior saddle 92
and the superior end of the rod 100 1s now smaller than in the
neutral position. The vertebral movement may also cause the
rod 100 to pivot or bend. In one embodiment, the inferior
bumper 60 1s deformed by the movement of the rod 100. In
one embodiment as 1llustrated 1n FIG. 7C, the anterior side of
the imterior bumper 60 1s compressed by the movement of the

rod 100, and the posterior side may be in tension.

In one embodiment of the device illustrated in FIGS.
7A-T7C, the rod 100 supports vertebral members 1n the cervi-
cal region and provides for extension of between about 0°-20°
and flexion of between about 0°-30°. In one embodiment
supporting the lumbar region, the range of extension motion
1s between about 0°-15° and the range of flexion 1s between
about 0°-25°.

FIG. 7A 1llustrates an embodiment with the sleeve 30 1n a
space formed between the superior bumper 60 and the flange
102. In other embodiments, bumper 60 includes a longer
length and 1s 1n contact with the sleeve 30 when 1n the neutral
position. Further, a second bumper 1s positioned on a superior
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side of tlange 102 and contacts the inferior side of the sleeve
30. Movement of the vertebral members 200 causes deforma-
tion of the bumpers 60.

FI1G. 10 illustrates another embodiment of the rod 100 with
a bi1-conical section 300 comprising a first tapered section 301
and a second tapered section 302. The inferior anchor 90 1s
fixedly connected to the rod 100 through a saddle 92 and
fastener 93 1n a same manner as previously described for the
other embodiments. The superior anchor 90 1s movably posi-
tioned relative to the rod 100.

FIG. 11 1illustrates a section of the rod 100 including the
bi-conical section 300. This section 300 includes the first
tapered section 301 with a length L.2 that tapers outward from
a narrow central section 303. The second tapered section 302
includes a length .1 and tapers outward in an opposite direc-
tion from the central section 303. Fach section 301, 302
terminates at a point along the rod 100 with a diameter D. In
this embodiment, the first tapered section 301 1s positioned at
an end of the rod 100, although other embodiments may
teature the bi-conical section 300 at various positions along
the rod 100.

FIG. 12 illustrates the superior anchor 90 that includes a
shaft 91 and a head 190. Head 190 includes a base 191 with
opposing arms 193 that extend outward from hinges 192.
Roller bearings 194 may be mounted on each of the arms 193.
The arms 193 may be spring-biased inwards to maintain the
roller bearings 194 1n contact with the rod 100 during verte-
bral movement. The arms 193 are hingedly connected to the
base 191 and movable between a first inward position form-
ing a first width between the arms 193, and a second outward
position forming a second greater width. The second outward
position 1s less than the diameter D to maintain the head 190
in contact with the bi-conical section 300 and control an
extent of movement. A top 195 extends between the arms 193
and entraps the rod 100.

FIG. 13 A 1llustrates the rod 100 when the vertebral mem-
bers 200 are in a neutral position. The central section 303 1s
aligned within the head 190 with the rollers bearings 194
aligned with the central section 303. FIG. 13B 1llustrates the
position with the vertebral members 200 in extension. The

relative position of the superior anchor 90 has moved along,
the rod 100 with the |

head 190 in contact with the second
tapered section 302. The extent of movement along the sec-
tion 302 1s controlled because the arms 193 do not extend
beyond a width greater than the diameter D of the rod 100
outside the bi-conical section 300. FIG. 13C illustrates the
position with the vertebral members 200 1n flexion. The rela-
tive position of the superior anchor 90 has moved with the
head 190 now along the first tapered section 301. Again, the
extent of movement 1s controlled because the arms 193 do not
move to a width greater than the diameter D.

In one embodiment, the arms 193 apply a compressive
torce to the sections 301, 302 during vertebral movement. The
amount of compressive force 1s predicated on the width of the
section 301, 302. A smaller width, such as 1n proximity to the
central section 303, causes a smaller compressive force than
a larger width towards the outer edges of the sections 301,
302. Theretore, the amount of force applied increases with the
increased extent of vertebral movement 1n each of the direc-

tions.
FIGS. 14 A and 14B illustrate a side view of the head 190

and rod 100. FIG. 14A 1llustrates the head 190 1n a first
orientation, such as when the vertebral members 200 are 1n a

neutral position. The arms 193 are positioned with the roller
bearings 194 in contact with the rod 100. The top 195 may
include a bowed configuration and extend between an upper

section of the arms 193. FIG. 14B illustrates the head 190 in
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a second orientation, such as when the vertebral members 200
are 1n flexion. The enlarged tapered section 301 1s aligned
with the head 190 causing the arms 193 to move outward but
maintain the roller bearings 194 1n contact with the rod 100.
The top 195 has changed to a straightened configuration due
to the movement of the arms 193. In one embodiment, the
extent ol arm 193 movement 1s limited by the top 195.

The lengths and widths of the tapered sections 301, 302
may vary depending upon the context of use. In the embodi-
ment 1llustrated, the central section 303 has substantially no
length as 1t comprises the intersection of the sections 301,
302. In other embodiments, the central section 303 may
include a length such that vertebral movement 1s not hindered
until the head 190 begins to move along one of the sections
301, 302.

In one embodiment as illustrated 1n FIGS. 1A-C and 7A-C,
the rod 100 slides within a sleeve 30 positioned within the
saddle 92. In another embodiment as illustrated 1n FIGS. 8
and 9, the rod 100 slides within the saddle 92 during vertebral
movement. The saddle 92 is sized to allow for sliding move-
ment of the rod 100. In one embodiment, fastener 93 closes
the saddle 92 and prevents escape of the rod 100.

Stops 120 as illustrated 1n FIG. 9 may be positioned along
the rod 100 to control the extent of movement. The stops 120
are positioned to adjust the rod length that 1s available for
movement. In one embodiment, stops 120 are C-shaped
members that may be deformed to attach to the rod 100 and
then return to their original shape to maintain attachment. In
the embodiment of FIG. 9, the saddle 92 contacts the stops
120 during extension to limit the amount of vertebral move-
ment. Without the stops, the amount of movement would be
larger and controlled by contact of the saddle 92 with the
flange 102. Stops 120 may be constructed of a variety of
materials 1including polyethylene, polyetheretherketone,
polycarbonate urethane, titantum, cobalt chrome, silicone,
neoprene, latex, polyurethane, butyl, and polyethylene foam.

The various components may be changed and/or replaced
after the device has been inserted 1n the patient. By way of
example, the elastic members 20 may be replaced with ones
having different constructions (e.g., sizes, stiflnesses) to
adjust the vertebral movement as necessary. Further, stops
120 may be placed along the rod 100, and the position of the
locking member 70 may be adjusted. These revisions proce-
dures may be conducted 1n a minimally-invasive manner.

The embodiments 1llustrated in FIGS. 1A-C, 7TA-C, and 10
illustrates a rod 100 that spans across two vertebral members
200. In another embodiment, rod 100 includes a greater
length to span across more than two vertebral members 200.
These embodiments further illustrate two anchors 90 attach-
ing the rod 100 to the vertebral members 200. In other
embodiments, more than two anchors 90 attach the rod 100 to
two or more vertebral members 200.

In the embodiments illustrated 1in FIGS. 1A-1C, 7A-7C,
10, and 13 A-13C, the inferior anchor 90 1s fixedly attached to
the rod 100 with relative movement occurring at the superior
anchor 90. In another embodiment, the superior anchor 90
may be fixedly attached with relative movement occurring
between the inferior anchor 90 and the rod 100. In one
embodiment, the rod 100 1s mitially curved.

In one embodiment, the rod 100 1s constructed of a flexible
material that bends during movement of the vertebral mem-
bers 200. In one embodiment, the rod 100 1s constructed of a
material that does not bend during the movement.

The term “distal” 1s generally defined as in the direction of
the patient, or away from a user of a device. Conversely,
“proximal” generally means away from the patient, or toward
the user. Spatially relative terms such as “under”, “below™,
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“lower”, “over”, “upper”’, and the like, are used for ease of
description to explain the positioning of one element relative
to a second element. These terms are intended to encompass
different orientations of the device 1n addition to different
orientations than those depicted 1n the figures. Further, terms
such as “first”, “second”, and the like, are also used to
describe various elements, regions, sections, etc and are also
not mtended to be limiting. Like terms refer to like elements
throughout the description.

As used herein, the terms “having”, “containing’”, “includ-
ing”, “comprising”’ and the like are open ended terms that
indicate the presence of stated elements or features, but do not
preclude additional elements or features. The articles “a”,
“an” and “the” are intended to include the plural as well as the
singular, unless the context clearly indicates otherwise.

The present invention may be carried out 1n other specific
ways than those herein set forth without departing from the
scope and essential characteristics of the invention. The
present embodiments are, therefore, to be considered 1n all
respects as 1llustrative and not restrictive, and all changes
coming within the meaning and equivalency range of the
appended claims are intended to be embraced therein.

What 1s claimed 1s:

1. A device to support first and second vertebral members
comprising;

a first anchor attached to the first vertebral member;

a second anchor attached to the second vertebral member;

an elongated member 1including a first longitudinal section
mated to the first anchor and a second longitudinal sec-
tion mated to the second anchor for sliding motion rela-
tive thereto:

a first element connected to the elongated member on a first
side of the second anchor between the first and second
anchors;

a second element connected to the elongated member at a
second side of the second anchor; and

the first and second elements each being tension members
that are operative to apply tension forces in opposing
directions that impede relative movement of the first and
second vertebral members via sliding motion between
the elongated member and the second anchor, the first
clement applying a first tension force in a first direction
during movement of the elongated member relative to
the second anchor 1n a first direction, and the second
clement applying a second tension force mn a second
opposing direction during movement of the elongated
member relative to the second anchor 1n a second direc-
tion.

2. The device of claim 1, turther comprising a cylindrical
sleeve positioned within the second anchor and extending
around the elongated member, an inner diameter of the sleeve
being larger than an outer diameter of the elongated member
to allow the elongated member to slide within the sleeve.

3. The device of claim 2, wherein the first and second
clements are connected to the sleeve.

4. The device of claim 1, wherein the first and second
clements are connected to the second anchor.

5. The device of claim 1, wherein the first and second
clements are constructed of an elastic material.

6. The device of claim 1, wherein the elongated member 1s
constructed of a flexible material that bends during movement
of the first and second vertebral members.

7. The device of claim 1, further comprising a stop member
removably mounted to the rod at a point between one of the
first and second elements and the second anchor.

8. A device to support first and second vertebral members
comprising;
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a first anchor attached to the first vertebral member;

a second anchor attached to the second vertebral member;

an elongated rod including a first longitudinal section fix-
edly mated to the first anchor, a second longitudinal
section defined between the first and second anchors,
and a third longitudinal section defined between the
second anchor and an end of the rod;

a first element connected to the second longitudinal section
to impede movement of the elongated rod relative to the
second anchor 1n a first amount 1n a first direction from
a neutral position;

a second element associated with the third longitudinal
section to impede movement of the elongated rod rela-
tive to a second anchor 1n a second direction away from
the neutral position, the second direction being opposite
from the first direction;

the first element configured to apply a first tension force to
the elongated rod during movement of the elongated rod
in the first direction, and the second element configured
to apply a second tension force to the elongated rod
during movement of the elongated rod in the second
direction;

wherein the elongated rod 1s slidably supported by the
second anchor.

9. The device of claim 8, wherein a length of the second
longitudinal section increases during movement of the verte-
bral members in the first direction from the neutral position.

10. The device of claim 8, wherein a length of the second
longitudinal section decreases during movement of the ver-
tebral members 1n the second direction from the neutral posi-
tion.

11. The device of claim 8, wherein the first and second
anchors each comprise saddles for recerving the elongated
rod.

12. The device of claim 8, wherein the elongated rod 1s
constructed of a flexible material that bends during movement
of the vertebral members 1n the first and second directions.

13. The device of claiam 8, wherein the elongated rod
includes a first arm positioned within the second longitudinal
section and a second arm positioned within the third longitu-
dinal section, each of the arms extending outward from an
axis ol the elongated rod to attach to one of the first and
second elements.

14. The device of claim 8, wherein the second anchor
further comprises a sleeve with an opening to receive the
clongated rod, the opening being larger than the elongated rod
for the elongated rod to slide within the sleeve.

15. The device of claim 8, wherein the first and second
clements are elastic bands with each of the bands positioned
on a single lateral side of the rod.

16. A device to support first and second vertebral members
comprising;

a first anchor attached to the first vertebral member;

a second anchor attached to the second vertebral member;

an elongated member fixedly mated to the first anchor and
slidingly mated to the second anchor for sliding motion
relative thereto 1n first and second opposing directions,
the elongated member 1ncluding a longitudinal axis;

a first elastic element extending between the second anchor
and the elongated member at a first side of the second
anchor;

a second elastic element extending between the second
anchor and the elongated member at a second side of the
second anchor; and

the first and second elastic elements being operative to
impede relative movement of the first and second verte-
bral members via sliding motion between the elongated
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member and the second anchor, the first elastic band
configured to be 1in tension and apply a first force on the
clongated member during sliding movement of the elon-
gated member 1n the first direction and the second elastic
band configured to be 1n tension and apply a second
force on the elongated member during sliding move-
ment of the elongated member 1n the second direction;

the first elastic band configured to prevent aifecting the
second force during sliding movement of the elongated
member 1n the second direction, and the second elastic
band configured to prevent aifecting the first force dur-
ing sliding movement of the elongated member 1n the
first direction;

the first and second elastic bands each being continuous

and including an open interior section;

wherein a plane contains the longitudinal axis of the elon-

gated member and the {first elastic band 1s positioned
entirely on one side of the plane.

17. The device of claim 16, wherein the first elastic element
includes a first stiffness and the second elastic element
includes a second, different stitlness.

18. The device of claim 16, wherein the second anchor
turther comprises a sleeve sized to extend around the elon-
gated member, the first and second elastic elements being
connected to the sleeve.

19. The device of claim 18, wherein the sleeve comprises
an mner layer that contacts the elongated member and an
outer layer that contacts the second anchor, the mnner and
outer layers being constructed of different materials.

20. The device of claim 17, further comprising a first arm
that extends outward from the elongated member on a first
side of the second anchor and a second arm that extends
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outward from the elongated member on a second side of the
second anchor, the first arm sized to connect with the first
elastic element and the second arm sized to connect with the

second elastic element.

21. A device to support first and second vertebral members

comprising;

a first anchor attached to the first vertebral member;

a second anchor attached to the second vertebral member;

an elongated rod including a first longitudinal section fix-
edly mated to the first anchor, a second longitudinal
section defined between the first and second anchors,
and a third longitudinal section defined between the
second anchor and an end of the rod;

a first elastic member operatively connected to the second
longitudinal section and configured to be placed 1n ten-
sion and apply a first tension force to the elongated rod
during movement of the elongated rod relative to the
second anchor 1n a first direction during a first type of
movement of the vertebral members:

a second elastic member operatively connected to the third
longitudinal section and configured to be placed 1n ten-
ston and apply a second tension force to the elongated
rod during movement of the elongated rod relative to the
second anchor 1n an opposite second direction during a
second type of movement of the vertebral members;

wherein the elongated rod 1s slidably supported by the
second anchor.

22. The device of claim 21, wherein the elongated rod 1s

constructed of a flexible material that bends during movement
of the vertebral members.
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